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As compared with vaginal delivery (VD), caesarean section (CS) birth could be associ-
ated with increased risk of obesity in young adult offspring. We aimed to evaluate
this association by updating data from a systematic review with meta-analysis of
observational studies. From 3774 records identified in PubMed and Embase, we
retained six studies and added five studies from the last systematic review, for a total
of 11 studies. Crude estimates of the association were retrieved from nine cohort
studies (n = 143,869), and maximally adjusted estimates were retrieved from eight
cohort studies. Young adults born by CS had higher risk of obesity (body mass index
[BMI] ≥ 30 kg/m2) than young adults born by VD, corresponding to a crude pooled
risk ratio (RR) of 1.30 [95% confidence interval (CI) 1.13 to 1.50] and a maximally
adjusted pooled RR of 1.22 [95% CI 1.02 to 1.46]. In a sensitivity analysis pooling,
five studies that included maternal prepregnancy BMI, a major potential confounding
factor, in the set of controlled covariates, the RR was 1.08 [95% CI 0.92 to 1.27]. We
concluded that the association between CS and obesity in young adulthood was
mostly explained by confounding from maternal prepregnancy BMI.
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1 | INTRODUCTION
The prevalence of caesarean section (CS) births and obesity are
growing in high-income countries.1,2 The mode of delivery at birth
might affect health and the risk of disease in adult life,3 including
obesity. The hypothetical mechanisms that might underpin the
association remain disputed. Indeed, several studies have shown that
the risk of obesity in adulthood was higher in offspring delivered by
CS than other deliveries,4–6 whereas others have not shown such an
association.7–9 An alteration in the gut microbiome of the newborn
has been suggested as a potential mechanism for the association,10
but puberty11 as well as adequate nutrition in childhood and adoles-
cence could play a role in the association.12 In 2014, a systematic
review by Darmasseelane et al. confirmed the association between CS
and adulthood overweight and obesity in offspring. However, in this
review, estimates were not adjusted for possible confounders,
particularly maternal prepregnancy body mass index (BMI). Another
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systematic review by Sutharsan et al.13 identified a moderate associa-
tion but concluded that most of the associations reported could be
attributed to publication bias favoring positive results or to residual
confounding. Recently, a Swedish national register study found no
evidence of an association between CS and obesity in young adult
male conscripts.8
Here, we updated the systematic review of Sutharsan et al.13 to
determine the association between CS delivery and obesity in young
adult offspring.
2 | METHODS
We updated the data from a systematic review of studies reporting
adult measures of obesity by mode of delivery (vaginal delivery [VD];
CS, elective or not) following PRISMA guidelines for reporting system-
atic reviews and meta-analyses.14
2.1 | Definition of outcomes and exposures
Our outcome of interest was obesity in humans aged 18 or above.
We considered any obesity measures, expressed on a metric scale
(e.g., kg/m2) or a standardized scale (e.g., z-score), that were
determined anthropometrically. Obesity was classified according to
the World Health Organization standard,15 namely, ≥ 30 kg/m2. Our
exposure of interest was CS. We included studies comparing CS,
elective or nonelective, versus VD, natural or operative.
2.2 | Literature search
PubMed and EMBASE were searched for any studies published since
April 1, 2014, namely, the end date of searches of the most recent
systematic review.13 Details about the search strategies are given in
the Supporting Information.
2.3 | Study selection, data extraction, and study
quality assessment
Titles and abstracts of identified studies were independently screened
by two reviewers (YG and BQ). Studies were included if they were
(1) observational studies, cross-sectional or longitudinal; (2) written in
English, French, German or Italian; (3) published from April 1, 2014 to
February 25, 2020; and (4) participants had at least one measurement
of their weight status at age 18 years or older. In addition, articles had
to meet the following criteria: (1) the study determined obesity in
humans anthropometrically, (2) the measurements were expressed on
the metric scale (e.g., kg/m2) or a standardized scale (e.g., z-score), and
(3) studies reported the association between CS and offspring obesity.
We did not consider studies for which (1) the full text was not
available and authors were not contactable (n = 1), (2) the full article
was not yet published (n = 3), (3) BMI was not studied as an outcome
(n = 3), (4) CS was not studied as an exposure (n = 1), (5) the
population age fell below the age limit (n = 2), and (6) the format did
not correspond to a research article (n = 1). All searches were limited
to human studies. We had no limitation concerning the country or sex
of participants. Data were extracted by use of a prepiloted data
collection form (YG and BQ). Study authors were contacted when
essential data were not available in the published studies (n = 2). The
methodological quality of each study was assessed by using the tool
of Sutharsan et al.,13 comprising 10 criteria related to bias in observa-
tional studies (Figure S1).16 Each study was assessed by one reviewer
(YG or BQ), and each quality assessment was reviewed by a second
senior author (CC or SC).
2.4 | Statistical analysis
Studies reporting associations in terms of odds ratios or risk ratios
(RRs) were used for meta-analysis. Odds ratios were converted to RRs
and 95% confidence intervals (CIs) were estimated. For each study,
we considered both crude estimates, whereby the mode of delivery
was the only covariate in the linear regression models, and maximally
adjusted estimates, whereby maternal and child factors reported in
Table 1 were included as additional covariates. We pooled estimates
from each cohort study by using the Hartung–Knapp inverse-variance
random-effects meta-analytic mode.17,18 This method provides
reliable coverage accuracy of confidence intervals in meta-analysis of
a few studies. The interstudy variance was estimated by using the
DerSimonian–Laird method implemented in the meta R package.19
The potential heterogeneity across studies was assessed by the I2
statistic.
3 | RESULTS
The flow of the study selection is presented in Figure S2. Our
searches retrieved 3774 records (934 PubMed; 2840 EMBASE)
published after April 1, 2014. After eliminating duplicates, 3433
records were screened for inclusion based on titles and abstracts and
17 records based on full texts. Six studies were eventually retained.
They were complemented with five eligible studies published before
April 1, 2014, and retrieved from the review of Sutharsan et al.,13
which resulted in 11 studies included in the present systematic
review. Of these, two studies were excluded (BMI assessed with a
continuous metric) and nine studies were included in meta-analyses of
crude estimates (Figure S3) and eight studies in meta-analyses of
maximally adjusted estimates (Figure 1). Characteristics, including
quality scores, are shown in Table 1. The 11 studies represented six
countries and two studies were limited to male participants.8,20 Crude
RRs from all studies were >1 (Figure S3).
Crude estimates revealed a higher risk of obesity for young adults
born by CS than VD (pooled RR 1.30 [95% CI 1.13 to 1.50, I2 49%])
(Figure S3) and maximally adjusted estimates (RR 1.22 [95% CI 1.02
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to 1.46, I2 63%]) (Figure 1). In analyses restrained to the five studies
with adjustment for maternal prepregnancy BMI, the RR was 1.08
(95% CI 0.92 to 1.27, I2 23%) (Figure 1). The low heterogeneity in the
two subgroups indicates that the heterogeneity in all eight studies
could be explained in part by the difference in the adjustment for
potential confounders. Restraining the analyses to studies published
before and after the Sutharsan et al. review13 (Figure S4) and to stud-
ies adjusting for predelivery diabetes (Figure S5) did not change the
results. After removing the three studies with the lowest quality
score,4,6,21 the absolute size of the association was smaller: the crude
RR was 1.24 (95% CI 1.09 to 1.41) and the adjusted RR 1.14 (95% CI
0.95 to 1.37). The funnel plot shows a symmetric pattern, indicating a
low probability of publication bias (Figure S6).
4 | DISCUSSION
4.1 | Main findings
In this systematic review and meta-analysis, we pooled results from
nine studies involving 143,869 participants to determine the associa-
tion between CS delivery and obesity in young adult offspring. CS
increased the pooled crude risk of obesity in adult offspring by 30%
as compared with young adults born by VD. Maximal adjustment
reduced the risk to 22%, which opens the argument for a substantive
role of potential confounding factors. Adjustment methods varied
across studies, causing high between-study heterogeneity. Sensitivity
analysis excluding three studies with the lowest quality score revealed
that CS was no longer associated with offspring obesity in the
adjusted analysis (RR 1.14 [95% CI 0.95 to 1.37]). This finding
suggested that the above risk of 22% may be overestimated. It is
highly probable that the association of CS with the risk of obesity
observed in the current meta-analysis may be driven by confounding
in studies unadjusted for maternal prepregnancy BMI (the risk
reduced from 1.43 in unadjusted analyses to 1.08 in adjusted
analyses) as well as by other residual confounding factors.
4.2 | Comparison with other studies
This is the fourth meta-analysis assessing the association of CS with
obesity in young adulthood. An overview of these meta-analyses is
given in Table S2. The meta-analysis of Li et al.22 included nine stud-
ies, of which only three showed estimates for young adulthood.4,9,21
Therefore, the authors did not conduct a formal subgroup analysis for
young adulthood. They found 50% higher odds in adults born by CS,
with high between-study heterogeneity (95% CI 1.02 to 2.20; I2 74%).
The adjusted pooled OR was significantly high, as was the between-
study heterogeneity (odds ratio 1.50; 95% CI 1.02 to 2.20; I2 74%).
Darmasseelane et al.23 included 11 studies with a combined popula-
tion of ≈35,000 participants and also considered only the effect of CS
on adults. Their findings revealed 22% increased odds of obesity in
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mean BMI difference was 0.44 kg/m2 (95% CI 0.17 to 0.72;
p = 0.002; I2 39%). The low heterogeneity may be explained by the
authors not using adjusted data but only applied a sensitivity analysis.
Sutharsan et al.13 examined the effect on both childhood and young
adulthood. Yet only five studies took the latter into account
(n = 30,231). Sutharsan et al.13 used the same quality assessment
instrument as we did and adjusted for confounders. The authors
found a 28% increase in the effect on obesity (95% CI 1.02 to 1.56).
4.3 | Strengths and limitations
The strength of our systematic review lies primarily in a large popula-
tion size with participants from four continents. We included five
studies4,7,9,20,21 included in the previous meta-analysis from Sutharsan
et al.13 in our update of meta-analysis for better comparability. Fur-
thermore, we used quality assessment of each study. Because we
investigated a strictly adult population, the timing of outcome assess-
ment and duration of follow-up were adequate for the outcome to
occur.
Confidence was limited by a high between-study heterogeneity,
which could be due in part to differences in the set of factors adjusted
for. The four studies with the highest quality score,7–9,24 which is par-
ticularly determined by the adjustment for confounders, revealed the
lowest adjusted estimates. Thus, a lack of adjustment could explain in
part the higher effect sizes of the other studies. Even in maximally
adjusted models, we could not exclude residual confounding
explaining a part of the observed association. Four studies did not
adjust for maternal prepregnancy BMI, probably the most significant
confounding factor, which is associated with increased risk of CS and
also increased BMI in offspring.25,26 There is also evidence for such
mechanisms regarding other maternal risk factors such as low socio-
economic status27,28 and maternal smoking during pregnancy,29,30
which were not part of the adjustment of all included studies.
Gestational diabetes could also be a confounding factor,31,32 but our
subgroup analysis (Figure S5) showed similar results between studies
adjusting for predelivery diabetes and those that did not; thus
predelivery diabetes may not be a major confounder of the associa-
tion between CS and offspring obesity. Potential measurement errors
were related to two limitations: first, self-reported BMI from included
studies5,24 and, second, whether data about the exposure was col-
lected soon after birth4–9,20,21 or retrospectively recalled.24 Because
of not fitting effect sizes, we had to exclude two studies from the
meta-analysis.33,34 In addition, we did not explore the different types
of exposure (elective and nonelective CS), and our search was limited
to studies published in English, German, French, or Italian. Finally, we
included in the meta-analysis only nine and eight studies for the crude
and adjusted estimates, respectively, but representing a total of
143,416 participants for the adjusted estimates (Table S2).
4.4 | Conclusions and public health implications
This systematic review and meta-analysis updates evidence on the
association between CS and obesity in young adulthood. Our findings
did not support an association between CS and obesity in young adult
F IGURE 1 Forest plot of maximally adjusted risk ratios with subgroups defined by adjustment for prepregnancy BMI. Pooled estimates are
represented by a diamond. The size of the grey square for each study is related to the amount of variance that a study contributes to the
meta-analysis (column “weight”)
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offspring. With a substantial decrease in the RR upon adjustment for
prepregnancy BMI, we identified the latter as a major confounder and
probably responsible for the association seen in previous studies and
meta-analyses.
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